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SUMMARY 


Hughes  Helicopters  has  conducted  tests  to  evaluate  the  effectiveness 
of  MCC-68-63  heavy  load,  anti-wear  grease  in  the  0H-6A  and  OH-58 
tail  rotor  transmissions  and  to  test  a fail  detection  system  installed 
on  the  0H-6A  tail  rotor  transmission. 

Two  0H-6A  tail  rotor  transmissions  were  spectrum  load  tested  for  200 
hours  each.  Temperature  measurements  of  the  bearings,  case,  and 
gear  teeth  for  the  grease- fil led  transmission  were  higher  than  those 
obtained  with  oil  as  a lubricant.  A no-load  dynamic  torque  test 
for  the  transmission  which  was  filled  to  98  percent  of  grease  capacity 
revealed  the  torque  to  be  approximately  four  times  the  value  demon- 
strated when  the  transmission  was  filled  with  oil. 


The  OH-58  transmission  was  spectrum  load  tested  for  50  hours.  The 
test  results  were  similar  to  those  obtained  with  the  0H-6A  transmission, 
except  that  the  temperature  changes  were  less.  Excessive  wear  and 
scoring  of  the  OH-58  transmission  gear  teeth  was  noted  as  a result  of 
the  test. 

The  fail  detection  system  was  tested  using  MCG-68-63  grease  in  the 
0H-6A  transmission.  The  system,  as  tested,  did  not  reliably  display 
the  induced  failure  modes  simulated  in  the  test. 


i. 


The  MCG-68-63  grease  may  be  an  acceptable  lubricant  for  the  tail 
rotor  transmission.  An  advantage  realized  for  war-time  operation 
is  the  slow  rate  of  grease  loss  through  a hole  approximately  3/9  inch 
in  diameter  enabling  at  least  a one  hour  "get-home"  capability. 
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PREFACb: 


Tho  work  doc  amt' n ted  in  this  report  was  performed  by  Hughes  Helicopters, 
Division  of  Soiraiia  Corporation,  Culver  City,  California  for  the  U.S. 

Army  Aviation  Systems  Command,  St.  Louis,  Missouri  under  Delivery 

Order  No.  0019  of  0H-6A  Engineering  Services  Contract  D<\AJ01 -70-A-9324(P20')  , 


The  tests  were  accomplished  at  the  Hughes  Helicopters  Structures  Test 
Laboratory,  from  September  1972  through  February  1976. 
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INTRODUCTION  I 

OBJECTIVE  \ 

I 

Hughes  Helicopters  has  conducted  tests  to  evaluate  the  effectiveness  of 

MCG-68-63  heavy  load,  anti-wear  grease  in  the  0H-6A  and  OH- 58  tail  rotor  ^ 

transmissions  and  to  test  a fail  detection  system  Installed  on  the  0H-6A 

transmission.  t 

/ 


TEST  SPECIMEN 

Testing  was  conducted  on  two  serviceable  0H-6A  tail  rotor  transmissions 
(S/N  1271472  and  S/N  883071)  and  one  OT-58  transmission,  P/N  206-040-400-9 
(S/N  ALO  55249). 

MODIFICATION 

The  transmissions  were  modified  as  follows; 

1.  Thin  sheet  metal  shields  were  Installed  at  each  bearing  for  the 
grease  tests. 

2.  Gear  teeth  of  the  CH-6A  transmissions  were  vibro-honed  to  restore 
the  wear  surfaces  of  the  teeth. 

3.  Thermocouples  were  installed  on  all  test  transmissions. 


GREASE 

The  6 quarts  of  MCG-68-63  heavy  load  anti-wear  grease  used  in  the  tests  were 
produced  by  Wright-Patterson  AFB  USAF  Materials  Laboratory  and  provided  by 
the  U.S.  Army  Aviation  Systems  Command. 

FAIL  DETECTION  SYSTEM 

The  fall-detection  system  was  procured  from  Technical  Development  Company, 
Glenholden,  Pennsylvania.  The  fall  detection  system  consisted  of  a sensor 
that  was  attached  to  the  test  transmission  and  a remotely  located  readout 
panel. 
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TEST  SETITP 
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The  test  fixture  held  the  transmission  in  operating  position  and  was 
capable  of  applying  torque,  spectrum  loading,  additional  cooling 
and  constant  input  speed.  See  Appendix  A for  test  setup  details. 

TEST  PROCEDURE 

The  tests  were  first  run  with  MI1.-L-23699  oil  in  the  transmission  in 
order  to  establish  a baseline  for  comparison  (see  Table  1).  Then  the 
transmissions  were  cleaned,  modified,  and  packed  with  grease.  Details 
of  the  test  procedure  used  to  evaluate  MCG-68-63  grease  in  the  0H-6A 
and  OH-58  transmission  are  as  described  in  Appendix  A. 

Spectrum  Load  Tests 

The  first  0H-6A  transmission  was  filled  approximately  30  percent  of 
capacity  (0.32  pound)  with  grease  and  the  loads  in  Table  1 were  applied. 
Test  grease  was  added  periodically  in  an  attempt  to  reduce  temperatures. 

A 200-hour  spectrum  load  endurance  test  was  commenced  with  the  trans- 
mission grease  at  53  percent  of  capacity  (0.57  pound).  Loads  of 
Table  1 were  applied.  Seven  times  during  test  operation  the  tempera- 
ture cutoff  switch  was  activated.  Each  time,  after  cooling  to  ambient, 
the  test  was  resumed.  i 


At  the  conclusion  of  ^he  200  hour  test,  the  transmission  was  tested 
another  20  hours  with  grease  being  added  to  maintain  a 33°F  temperature 
band  within  the  range  of  61°  to  109°F  above  ambient.  The  transmission 


r 

1 

contained  98  percent  capacity  of  grease  (1.050  pounds). 
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The  second  OT-6A  transmission  was  filled  with  grease  to  98  percent  of 
capacity  (1.050  pounds)  and  a 200  hour  spectrum  load  test  was  conducted. 
Three  times  the  temperature  cutoff  switch  was  activated.  Grease  which 
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Table  1, 

, Test  Parameters 

1 

i 

Lubrication/ 

Load  Input 

Output 

Time  per  Cycle 

\ 

Tail  Rotor 
T ransmission 

RPM 

RPM  Torque  HP 

Minutes  Percent 

1 

. i 

Type 

(lb-in. ) 

(approx)  (approx) 

Oil 


OH-6A 

Low 

2046 

3020 

264 

13 

28.6 

53 

Inter 

2046 

3020 

436 

21 

21.6 

40 

1 

High 

2046 

3020 

648 

31 

3.8 

7 

A 

54.0 

1007. 

OH- 58 

Low 

6019 

2560 

394 

16 

28.6 

53 

■j 

Inter 

6019 

2560 

640 

26 

21.6 

40 

A 

High 

6019 

2560 

1538 

62.5 

3.8 

7 

54.0 

1007. 

I 

Grease 

1 

0H-6A 

Low 

2046 

3020 

264 

13 

28.6 

53 

Inter 

2046 

3020 

436 

21 

21.6 

40 

1 

High 

2046 

3020 

648 

31 

3.8 

7 

) 

54.0 

1007. 

OH -58 

Low 

6019 

2560 

394 

16 

28.6 

53 

Inter 

6019 

2560 

640 

26 

21.6 

40 

/' 

High 

6019 

2560 

1538 

62.5 

3.8 

7 

54.0 

1007. 

1 

had  exuded  from  seals  was  replaced  and  the  test  continued  to 
completion. 

A pressure  transducer  was  attached  to  the  transmission  and  a 20  hour 
period  of  testing  revealed  a continuous  3 to  5 psig  internal  pressure. 
The  grease  which  had  exuded  was  0.037  pound.  This  grease  was  replaced, 
the  drain  plug  removed,  and  testing  resumed.  In  one  hour  the  grease 
loss  was  0.044  pound. 

The  OH- 58  transmission  spectrum  load  test  was  begun  with  grease  at 
approximately  50  percent  of  capacity.  Test  grease  was  added  periodi- 
cally to  maintain  temperatures  at  no  more  than  190°F  above  ambient. 

Test  details  are  described  in  Appendix  A. 
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Dynam ic_  Torqu c Test 

The  second  0H-6A  transmission,  with  1.050  pounds  of  grease,  was  placed 
in  a test  setup  and  no-load  dynamic  torque  was  measured  at  the  input 
shaft.  The  transmission  was  voided  of  grease,  0.40  pint  of  oil  was 
added,  and  the  test  procedure  was  repeated. 

Fail  Detection  System  Test 

A fail  detection  system  was  installed  on  the  second  0H-6A  transmission, 
which  was  filled  with  grease  to  98  percent  of  capacity  (1.050  pounds). 

The  transmission  was  subjected  to  induced  failures  such  as  installing 
scored  and  spalled  gears  and  damaged  gear  teeth,  and  introducing  coarse 
saw  chips.  Temperatures  were  increased  by  turning  off  the  cooling 
blower. 

TEST  FINDINGS 
Spectrum  Load  Tests 

During  spectrum  load  testing  of  the  0H-6A,  temperature  measurements  of 
the  bearings,  case,  and  gear  teeth  for  the  grease  filled  transmission 
were  higher  than  those  obtained  with  oil  as  a lubricant.  Gear  teeth 
temperatures  were  significantly  higher  in  the  transmission  filled  to 
53  percent  of  grease  capacity  than  in  the  one  filled  to  98  percent  of 
grease  capacity.  A one  hour  spectrum  load  test  conducted  on  the  0H-6A 
transmission,  filled  to  98  percent  of  grease  capacity  with  the  drain 
plug  removed,  resulted  in  a 0.044  pound  (4  percent)  grease  loss  and  a 
slight  decrease  of  temperature. 

The  OH-58  spectrum  load  test  results  were  similar  to  those  obtained  with 
the  0H-6A  transmission,  except  that  the  temperature  changes  were  less 
than  those  experienced  in  the  0H-6A  spectrum  load  tests.  Excessive  wear 
and  scoring  of  the  OH-58  transmission  gear  teeth  was  noted  as  a result 
of  the  test. 

Temperature  comparisons  of  the  0H-6A  and  OH-58  are  shown  in  Figures  1 and  2, 
respectively.  Test  results  are  described  in  more  detail  in  Appendix  A. 
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TEMPERATURE 
CUTOFF  I 
SWITCH 


'VX////A 


LOAD  LEVEL  (hp)*^13  21  31  13  21  31  13  21  31 

LUBRICANT ►MIL  L 23699  OIL  MCG-68-63  GREASE  MCG-68-63  GREASE 

QTYOFLUBE ► 0.40  PT  0.571  LB  1.050  LB 


GEAR  TEETH  TEMPERATURE  RANGE 

ALL  TEMPERATURES  EXCEPT  GEAR  TEETH 

ALL  TEMPERATURES  INCLUDING  GEAR  TEETH 


INPUT  RPM:  2046 
OUTPUT  RPM:  3020 


Figure  1.  0H-6A  Transmission  Temperature  Comparisons 

Crease  versus  Oil 
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GEAR  TEETH  TEMPERATURE  RANGE 
ALL  TEMPERATURES  EXCEPT  GEAR  TEETH 

all  temperatures  including  gear  teeth 

INPUT  RPM;  6019 
OUTPUT  RPM:  2560 

Figure  2.  OH-58  Transmission  Temperature  Comparisons  - 

Crease  versus  Oil 
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Dynamic  Torque  Test 

A no-load  dynamic  torque  test  for  the  0H-6A  transmission,  filled  with 
grease  to  98  percent  of  capacity,  revealed  the  torque  to  be  approximately 
four  times  the  value  demonstrated  when  the  transmission  was  filled  with 
oil  (Figure  3).  Test  results  are  described  in  detail  in  Appendix  A. 


Figure  3.  0H-6A  Transmission  No-Load  Dynamic 

Torque  - Grease  versus  Oil 

Fail  Detection  System  Test 

The  fail  detection  systtan,  as  tested,  did  not  reliably  display  the 
induced  failure  modes  simulated  in  the  test,  except  that  the  temperature 
warning  light  was  satisfactory.  Test  results  are  detailed  in  Appendix  A. 

I 

Stability  Time  and  Temperature 

Ten  to  15  minutes  were  required  for  temperature  stabilization  of  both 
the  oil  and  the  grease. 
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Gearbox  Inspection 

The  0H-6A  gear  teeth  appeared  to  be  well  coated  with  grease  as  was  the 
roller  bearing  on  the  inboard  end  of  the  output  gearshaft.  The  seals 
on  both  shafts  appeared  to  have  significant  wear.  The  OH-58  gear  teeth 
surfaces  showed  considerable  wear  and  scoring  indicating  that  the  grease 
was  pushed  out  at  contact  points.  Crease  discoloration  was  very  evident. 
Higher  temperatures  apparently  caused  no  thermal  damage.  See  photographs 
in  Appendix  A. 

MODIFICATION  DESIGNS 
Shields 

Thin  sheet  metal  shields  required  at  each  bearing  are  shown  in  Figures 
4 and  5 for  the  0H-6A  and  OH-58,  respectively.  Detail  sketches  of  the 
shields  are  in  Appendix  B.  Assembly  and  disassembly  of  the  OH-58 
shields  required  shop  aid  tools.  Detail  drawings  are  found  in  Appendix  B. 

Thermocouples 

Thermocouples  were  installed  for  testing  as  follows; 

1.  On  the  inboard  end  of  two  teeth  of  the  output  gear 

2.  As  near  to  the  outer  race  of  each  bearing  as  practical 

3.  On  the  outside  of  the  housing  in  the  vicinity  of  each  bearing 

4.  In  the  lubricant  near  the  input  gear  by  the  drain  plug. 

Locations  of  thermocouples  are  shown  in  Figures  4 and  5 for  the  0H-6A 
and  OH-58,  respectively. 


Cover 

The  OH-58  required  a cover  in  order  to  retain  the  grease  during  test. 
Location  of  this  cover  is  shown  in  Figure  5 and  the  detail  drawing  is 
in  Appendix  B. 


System 

Installation  of  the  fail  detection 
0H-6A  transmission  housing  as  shown 


system  requires  modification  to 
in  detail  drawings  in  Appendix 


the 

B. 
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S,^  = 5f^/£LD5 

©,  = thermocouple 


Figure  4.  Thermocouple  and  Shield  Locations 
0H-6A  Transmission 
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CONCLUSIONS 


The  substitution  of  MCG-68r63  heavy  load,  anti-wear  grease  for  the 
MIL-L-23699  oil  now  used  is  acceptable  as  a lubricant  in  both  the 
0H-6A  and  the  OH-58  tail  rotor  transmissions.  However,  both  trans- 
missions would  have  to  be  modified  to  a greater  extent  than  they  were 
for  the  test. 


The  shaft  seals  on  both  the  0H-6A  and  the  OH-58  leaked  throughout  the  i 

test  at  a rate  of  about  0.037  pound  per  20  hours.  The  grease  loss  is  .1 

not  significant  but  deposits  of  grease  around  the  shaft  seals,  drive 

couplings,  and  swashplates  would  be  undesirable  in  that  there  would  be  | 

an  additional  attraction  of  abrasive  particles,  thus  accelerating  the 

wear  of  drive  components  adjacent  to  the  transmissions.  Also,  the  | 

breather  on  the  0H-6A  transmission  would  have  to  be  redesigned  as  there 

is  a constant  undesirable  internal  pressure  of  3 to  5 psig.  j 

When  packed  to  98  percent  of  the  housing  capacity,  the  0H-6A  transmission  \ 

internal  temperatures  stabilized  in  the  normal  operating  temperature  I 

range  of  38^  to  110°F  above  ambient.  However,  the  grease  that  had  leaked 
through  the  seals  had  to  be  replaced  three  times  during  the  200  hour  test  | 

in  order  to  keep  the  temperature  within  safe  parameters  below  110°F 

above  ambient  temperature.  From  past  experience,  it  has  been  learned  j 

that  temperatures  exceeding  the  110°F  above  ambient  may  cause  accelerated 
wear  to  the  gear  teeth,  and  if  the  temperature  is  allowed  to  exceed  228°F  j 

above  ambient  iirmediate  thermal  damage  will  result. 

1 

The  average  increase  in  temperature  of  the  0H-6A  transmission  when  using  I 

MCC-68-63  grease  over  the  MIL-L-23699  oil  is  83  percent  when  the  trans-  ’ ^ 

mission  is  packed  within  98  percent  of  its  capacity.  When  the  transmission  j 

is  packed  to  53  percent  of  its  capacity,  there  is  a 15  percent  rise  in 
temperature  on  all  parts  of  the  transmission  except  tlie  gear  teeth.  This  ( 

temperature  becomes  divergent  as  the  31  horsepower  level  is  approached. 

I 


14 


The  average  increase  in  temperature  of  the  OH-58  transmission,  including 
gear  teeth  temperature,  increased  76  percent  when  the  transmission  was 
packed  with  hCG-68-63  grease  instead  of  MIL-L-23699  oil. 

The  0H-6A  no-load  torque  values  increased  from  2.2  to  7.0  pound-inches 
at  an  input  shaft  rpm  of  500  and  from  3.75  to  14.8  pound-inches  at  2046 
rpm  when  replacing  the  MlL-L-23699  oil  with  MCG-68-63  grease. 

The  fail  detection  system,  when  used  with  grease,  proved  to  be  unable  to 
detect  metal  chips  from  gears  that  were  purposely  damaged  and  was  unreliable 
even  when  0.5  gram  of  gear  chips  was  introduced  into  the  transmission. 

The  use  of  MCG-68-63  grease  would  allow  a one  hour  "get-home'  capability 
should  the  bottom  of  the  case  be  punctured  with  a hole  approximately  3/4 
inch  in  diameter,  as  there  was  a loss  of  only  0.044  pound  of  grease  in 
this  time  and  the  internal  temperatures  dropped  15°  to  20°F  as  the  internal 
pressure  was  released. 
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SUMMARY 

Tests  were  conducted  to  evaluate  the  effectiveness  of  MCG-68-63,  heaw 
load,  anti-wear  grease  in  the  0H-6A  and  OH-58  tail  rotor  transmissions 
and  to  test  a fail  detection  system  installed  on  the  0H-6A  transmission. 

Two  0H-6A  tail  rotor  transmissions,  with  vibro  honed  gears  (53  percent 
and  98  percent  full  of  grease)  were  spectrum  load  tested  for  200  hours 
each.  All  bearing,  case  and  gear  teeth  temperatures  were  higher  than 
those  obtained  with  oil  as  a lubricant  and  the  gear  teeth  tem{)erature 
in  the  transmission  that  was  53  percent  full  of  grease  was  significantly 
higlier. 

A one  hour  spectrum  load  test  with  the  drain  plug  removed  from  the 
OH-bA  transmission  resulted  in  a 0.044  pound  (4  percent)  grease  loss 
and  a slight  decrease  of  temperatures. 

No-load  dynamic  torque  tests  revealed  the  torque,  with  grease  in  the 
transmission,  to  be  approximately  four  times  that  with  oil. 

A fall  detection  system  was  tested  using  MCG-68-63  grease  in  the  OH-6A 
transmission.  The  system,  as  tested,  did  not  reliably  display  the 
induced  failure  modes  simulated  in  the  test. 

The  OH-58  transmission  was  spectrum  load  tested  with  2.20  lbs.  of 
MCG-68-63  grease  for  50  hours.  The  test  results  were  similar  to 
those  obtained  with  the  0H-6A  transmission,  except  that  the  temperature 
changes  were  less  than  those  experienced  in  the  OH-6A  spectrum  load 
tests.  Excessive  wear  and  scoring  of  the  gear  teeth  was  noted  as  a 
result  of  the  tests. 
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2 . 0 TEST  OBJECTIVE 

The  objective  of  these  tests,  performed  on  two  0H-6A  and  one 
OH-58  tail  rotor  transmissions,  was  to  (a)  evaluate  MCG-68-63  heavy 
load  anti-wear  grease  as  a lubricant;  (b)  determine  grease  flow  rate 
from  a hole  in  the  transmission  housing;  (c)  compare  the  no-load 
dynamic  torque  of  grease  versus  oil;  and,  (d)  test  a fail  detection 
system  installed  thereon. 

3.0  DISCUSSION 

3.1  Test  Specimen  - Testing  was  conducted  on  two  serviceable 
369A3400-601  tail  rotor  transmissions  (S/N  1271472  and 
S/N  883071)  and  one  OH-58  transmission,  P/N  206-040-400-9 
(S/N  ALO  55249).  They  are  modified  as  follows: 

1.  Thin  sheet  metal  shields  were  installed  at  each  bearing 
for  the  grease  tests  as  shown  in  Figures  4 and  5. 

2.  Both  gears  of  the  369A5400-601  transmissions  were 
vibro-honed  to  restore  the  wear  surfaces  of  the  teeth. 

3.  On  all  test  transmissions  thermocouples  were  Installed: 

(a)  on  the  inboard  end  of  two  teeth  of  the  output  gear, 

(b)  as  near  to  the  outer  race  of  each  bearing  as  practical, 

(c)  on  the  outside  of  the  housing  in  the  vicinity  of  each 
bearing  and  (d)  in  the  lubricant  near  the  input  gear  by 
the  drain  plug.  The  thermocouple  locations  are  shown 

in  Figures  4 and  5. 

The  MCG-68-63  heavy  load  anti-wear  grease  used  in  the  tests 
was  produced  by  Wright  Patterson  AFB's  L'SAF  Materials 
Laboratory  and  provided  by  the  U.  S.  Army  Aviation  Systems 
Command. 
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The  fail  detection  system  procured  from  Technical  Development 

Con^any,  Glenholden,  Pennsylvania,  consisted  of  a sensor  that 

attached  to  the  test  transmission  and  a remote  located  readout 

panel. 

3.2  Test  Setup  - The  test  setup  consisted  of  the  following: 

1.  A fixture  that  held  the  test  transmission  in  its  normal 
operating  position. 

2.  A hydraulic  motor,  attached  to  the  input  shaft  of  the 
test  transmission  by  means  of  a mechanical  speed  reducer, 
that  maintained  a constant  input  shaft  speed. 

3.  A belt-driven  hydraulic  punp , connected  to  the  transmission 
output  shaft,  that  allowed  the  required  torque  to  be 
applied. 

4.  A programmed  relief  valve,  downstresim  of  the  hydraulic 
punp,  that  provided  the  required  spectrum  loading  to  be 
applied  to  the  transmission. 

5.  A large  air  blower,  directed  at  the  test  transmission, 
to  maintain  the  stabilized  temperatures,  with  oil,  less 
thm  120°F  above  ambient. 

, 6.  Instrumentation  to  monitor  the  input  shaft  speed,  applied 

torque,  and  thermocouple  temperatures. 

3. 3 Test  Procedure 

3.3.1  OH-6A  Transmission  - The  0H-6A  transmissions  each 
containing  0.40  pint  of  MIL-L-23699  oil,  were 
installed  one  at  a time  in  the  test  setup  and  were 
run  at  load  levels  shown  In  Figure  1,  to  obtain  the 
stabilized  temperatures  for  comparison  with  those  of 
the  grease.  Air  cooling,  provided  by  a large  blower, 
was  added  to  maintain  all  temperatures  liwer  than 
120°F  above  ambient.  Blower  speed  rer.tined  constant 
(24.5  ft/;oe  air  veloiity)  for  all  sn’';o  pon  l to'^ting. 
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After  obtaining  the  stabilized  temperatures  with  oil 
the  transmissions  were  removed  from  the  test  setup, 
disassembled,  and  cleaned.  Shields  were  added  to  the 
bearings.  The  bearings  were  packed  with  MCG-68-63 
grease  and  the  transmissions  were  reassembled. 

The  first  transmission  (S/N  1271472)  to  undergo  testing 
was  filled  approximately  30  percent  full  with  the  test 
grease  and  installed  in  the  test  setup.  Spectrum  loading 
was  commenced.  Test  grease  was  added  periodically, 
during  the  first  few  hours  of  testing,  in  an  attempt 
to  reduce  the  output  gear  teeth  temperatures  which 
were  erratic  and  well  above  the  other  temperatures. 

A 200-hour  spectrum  load  endurance  test  was  commenced  with 
0.571  pounds  of  test  grease  in  the  transmission  (53 
percent  full).  All  recorded  temperatures,  except  the 
gear  teeth,  remained  in  a 36° F band  that  varied  between 
18°  and  76°F  above  ambient.  Temperature  of  the  output 
gear  teeth  varied  between  71°  and  228°F  ambient.  Seven 
times  during  the  test  a temperature  cutoff  switch,  set 
at  the  upper  limit,  was  activated  by  the  gear  teeth 
temperature  and  the  test  was  restarted  each  time  after 
cooling  to  ambient  temperature. 

At  the  conclusion  of  the  200-hour  test,  additional  grease 
was  added  until  all  temperatures  remained  in  a 33°F 
band  that  varied  from  61°  to  109°F  above  ambient,  and 
testing  was  resumed  for  another  20  hours.  The  trans- 
mission contained  1.050  pounds  of  the  test  grease  (98 
percent  full). 
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A 200-hour  spectrum  load  test  was  then  conducted  on  the 
second  0H-6A  tail  rotor  transmission  (S/N  883071) 
containing  1.050  pound  (98  percent  full)  of  the  test 
grease.  All  recorded  temperatures  remained  in  a 50°F 
band  that  varied  between  38°  and  110°F  above  ambient. 

Three  times  during  the  200-hour  test  the  output  gear 
teeth  temperatures  exceeded  their  normal  running 
temperature  (107°F,  1A7°F  and  147°F  above  ambient). 

The  test  was  stopped  each  time  and  grease  was  observed 
to  have  exuded  from  the  shaft  seals.  The  first  time 
this  occuried,  the  output  shaft  seal  was  replaced  with 
a new  seal  but  the  grease  continued  to  exude  from  the 
seal.  The  amount  of  grease  lost  each  time  (0.042,  0.025 
and  0.095  pound)  was  added  to  the  transmission  and 
testing  resumed  with  the  output  gear  teeth  returning  to 
their  normal  operating  tenperature. 

A pressure  transducer  attached  to  this  transmission  for 
a 20-hour  period  of  testing  reveciled  a continuous  3 to 
5 psig  internal  pressure. 

The  0.037  pounds  of  grease  that  had  exuded  from  the  shaft 
seals  at  the  end  of  the  20-hour  test  was  added  to  the 
transmission^ and  it  was  subjected  to  an  additional  two 
hours  of  testing.  The  drain  plug  was  removed  for  the 
second  hour  of  this  test  resulting  in  a loss  of  0.044 
pound  of  grease.  Approximately  80  percent  of  this 
quantify  was  ejected,  under  pressure,  upon  removal  of 
the  drain  plug.  All  tem>eratures  were  observed  to  drop 
15°  to  20°F  with  the  drain  plug  removed,  remaining  between 
42°  and  72°F  above  ambient  throughout  this  hour. 

Both  transmissions  were  disassembled  and  Inspected 
following  the  .above  tests.  Findings  are  reported  in 
the  Tost  RfSnlin  ( ion  I'F  !his  report. 
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The  second  transmission  (S/N  883071)  was  reassembled  .with 
1.050  pounds  of  the  test  grease  Installed  and  placed  in 
a setup  to  measure  the  no-load  dynamic  torque  at  the  input 
shaft.  Following  this,  the  transmission  was  cleaned  and 
0.40  pint  of  MIL-L-23699  oil  was  installed  and  the  same 
procedure  repeated.  The  no-load  dynamic  torque  with 
grease  was  approximately  four  times  that  obtained  with 
the  oil  (see  Figure  2). 


. I 
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A fail  detection  system,  supplied  by  Technical  Development 
Company  of  Glenholden,  Pennsylvania,  was  installed  and 
tested  on  the  second  transmission  with  1.050  pounds  of 
MlL-G-83363  grease  installed  therein. 

After  20  hours  of  spectrum  load  testing  the  transmission 
gears  were  replaced  with  a set  that  was  scored  and  spalled. 
After  testing  an  additional  eight  hours,  with  no  indication 
of  failure',  the  output  gearshaft  was  removed  and  several 
gear  teeth  were  purposely  damaged. 

After  testing  an  additional  eight  hours,  with  no  indication 
of  gear  teeth  failure,  0.5  gram  of  coarse  saw  chips  (from 
another  0H-6A  output  gearshaft)  were  introduced  directly 
above  the  input  gear.  Within  30  seconds  after  approximately 
50  percent  of  the  chips  were  introduced,  the  chip  warning 
light  began  to  flicker.  The  remainder  of  the  chips  were 
Introduced  resulting  in  sporadic  and  intermittent  lighting 
of  the  chip  warning  light  on  the  first  four  threshold 
levels  during  two  hours  of  spectrum  load  testing. 


The  temperature  warning  light  feature  of  the  proposed  fall 
detection  system  was  satisfactorily  deirronst  rated  on  the 
first  tliree  threshold  levels  by  tenqrorarily  shutting  off 
the  air  cooling  bli.’wer. 
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On  one  occasion  during  testing  of  the  scored  and  spalled 
gears,  an  80°F  ten^Jerature  rise  was  recorded  from  the 
thermocouples  on  the  output  gear  teeth,  however,  the 
fail  detection  system  sensor  indicated  a decrease  in 
temperature.  After  replacing  the  0.037  pound  of 
grease  that  had  exuded  from  the  output  shaft  seal,  the 
thermocouple  and  sensor  temperatures  returned  to  their 
normal  operating  values. 

Each  time  the  required  electrical  power  was  applied  to 
the  fail  detection  unit,  the  chip  warning  light  was 
observed  to  remain  on  at  all  threshold  levels.  This 
li^t  would  go  off  after  3 to  15  minutes. 

Modification  of  the  electrical  circuitry  corrected  the 
latter  problem,  however,  testing  with  a larger  sensor 
(0.65  diameter)  revealed  no  significant  im>rovements . 

3.3.2  OH-58  Transmission  - The  test  procedure  outlined  in  the 

preceeding  paragraph  was  repeated  on  the  OH-58  transmission. 
The  specimen  containing  its  normal  capacity  of  MlL-L-23699 
oil  was  installed  in  the  test  set;^  as  shown  in  Figure  7, 
and  was  run  at  the  load  levels  shown  in  Figure  3,  to 
obtain  the  stabilized  temperatures  for  comparison  with 
those  of  the  grease.  The  specimen  was  then  removed  from 
the  test  setup,  disassembled,  and  cleaned.  The  shields 
shown  in  Figure  5 were  added  to  the  bearings.  The  bearings 
were  packed  with  MCG-68-63  grease  and  the  specimen  was 
reassembled. 

' The  transmission  was  filled  approximately  50  percent  full 

with  test  grease  and  was  Installed  in  the  test  setup  and 
was  subjected  to  spectrum  loading,  as  follcws; 
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Input 

RPM 

Output 

RPM 

Load 

Spect rum 

Output 
Torque 
Lb. -In 

Output 

H.P. 

Time 
Mins . 
Appx. 

Time 

Percent 

Appx. 

6019 

2560 

Lew 

394 

16 

28.6 

5 3Z 

6019 

2560 

Inter. 

640 

26 

21.6 

40% 

6019 

2560 

High 

1538 

62.5 

3.8 

7% 

54.0 

100% 

Test 

grease!^  was 

added  periodically 

during  the 

first 

few 

hours  of  testing  to  reduce  the  output  gear  teeth 
temperatures  to  no  more  than  190°  above  ambient. 


A 50-hour  spectrum  load  endurance  test  was  commenced 
with  2.20  pounds  of  test  grease  in  the  transmission. 
During  the  endurance  test  all  recorded  temperatures, 
except  the  gear  teeth,  varied  between  20°F  to  160°F 
above  ambient.  The  gear  temperatures  varied  between 
50°F  to  190°F  above  ambient  (see  Figure  3). 


3 . 4 Test  Results 

3.4.1  0H-6A  Transmission  - Removal  of  the  gears  from  the  OH-6A 

transmissions,  at  the  conclusion  of  the  endurance  tests, 
resulted  ih  the  following  visual  observations: 

1.  The  gear  teeth  appeared  to  be  well  coated  with  grease 
(see  Figures  8,  10  and  12) 

2.  The  roller  bearing  on  the  inboard  end  of  the  output 
gearshaft  appeared  to  be  adequately  coated  with 
grease  (see  Figures  8 and  10). 

3.  The  seals  on  both  shafts  appeared  to  have  significant 
wear. 
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A.  Grease  discoloration  was  ver>'  evident,  dianglng  from 
ivory  at  the  beginning,  to  black  (in  the  transmission 
53  percent  full)  and  to  grayish  olive  drab  (in  the 
transmissicjn  98  percent  full)  at  the  conclusion  of 
testing  (see  Figure  10) 

5.  No  signs  of  distress  or  other  discrepant  observations 
were  apparent. 

Use  of  the  MCG-68-63  grease  as  a lubricant  resulted  in 
higher  temperatures  than  when  tested  with  MlL-L-23699 
oil  (see  Figure  1). 

A marked  Increase  in  gear  teeth  ten^ieratures  resulted 
when  the  transmission  was  less  than  approximately  98 
percent  full  of  the  grease  (see  Figure  1). 

Removal  of  the  3/ A-16  threaded  drain  plug,  for  one  hour 
of  spectrum  load  testing,  resulted  in  a loss  of  0.044 
pound  of  grease  and  a slight  decrease  in  tenperatures . 

Testing  performed  with  the  transmission  approximately 
98  percent  full  of  grease  resulted  in  an  internal 
housing  pressure  of  3 to  5 psig. 

Ten  to  fifteen  minutes  were  required  for  tenperature 
stabilization  for  both  the  oil  and  the  grease. 

No-load  dynamic  torque  tests  with  the  grease  (98  percent 
full)  resulted  in  values  approximately  four  times  those 
with  the  oil  (see  Figure  2). 

Introduction  of  0.5  gram  of  gear  chips  with  1.050  pounds 
of  grease  in  the  transmission,  resulted  in  sporadic  and 
intermittent  flashing  of  the  ''chip  warning"  light  on 
the  fail  detection  system. 
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TAIL  ROTOR  TRA.NSM1SS  ION 

Loss  of  0.037  pound  of  grease  from  the  transmission 
resulted  in  an  increase  in  temperature  of  the  output  gear 
teeth  but  a decrease  in  tenperature  was  Indicated  by  the 
fail  detection  system. 

3.4.2  OH-58  Transmission  - Disassembly  of  the  specimen  at 

the  conclusion  of  the  50-hour  spectrum  test  resulted 
in  the  following  observation. 

1.  The  gear  teeth  and  bearing  surfaces  and  housing 
cavities  appeared  to  be  adequately  coated  with 
grease  (see  Figures  15  and  16). 

2.  Grease  discoloration  from  ivory  to  gray  and  black  is 
shown  in  Figure  16. 

3.  Considerable  amount  of  wear  and  scoring  was  noted 
on  the  gear  teeth  surfaces  Indicating  that  the 
grease  was  pushed  out  at  the  contact  points  due  to 
excessively  high  test  loads. 

3.5  Conclusions  - From  the  foregoing  tests  it  may  be  concluded  that: 

1.  The  MCG-68-63  heavy  load  anti-wear  grease  may  be  an 
acceptable  lubricant  for  the  tall  rotor  transmission. 

2.  When  the  transmission  is  less  than  approximately  98  percent 
full  of  grease,  the  gear  teeth  temperatures  will  Increase 
significantly. 

3.  Only  a small  aim'unt  of  grease  would  be  lost  in  one  hour  If 
a fingersize  hole  developed  in  the  transmission  housing. 

4.  The  loss  of  a small  amount  of  grease  has  little,  if  any, 
effect  on  the  transmission  temjieratures  within  an  hour 
after  the  loss  occurs. 

5.  Tlie  current  shaft  seals  permit  the  loss  of  grease. 

6.  Tlie  fail  detection  system,  as  tested,  does  not  reliably 
ilisplay  the  simulated  failure  modes  of  the  I i ius  mi  ss  i on . 
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MCG-68-63  GREASE 
1.050  LB 
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GEAR  TEETH  TEMPERATURE  RANGE 

ALL  TEMPERATURES  EXCEPT  GEAR  TEETH 

ALL  TEMPERATURES  INCLUDING  GEAR  TEETH 


INPUT  RPM;  2046 
OUTPUT  RPM;  3020 


Figure  1,  OH-6A  Transmission  Temperature  CiTmparisons 
Grease  versus  Oil 
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0 500  1000  1500  2046  (100%) 

INPUT  SHAFT  RPM 

O WITH  1.050  LB  MCG-68-63  GREASE  A WITH  0.40  PT  WIIL-L-23699  OIL 

Figure  2.  OT1-6A  Transmission  No-Load  Dynamic 
Torque  - Grease  versus  Oil 
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GEAR  TEETH  TEMPERATURE  RANGE 
ALL  TEMPERATURES  EXCEPT  GEAR  TEETH 
r . 1 ALL  TEMPERATURES  INCLUDING  GEAR  TEETH 

INPUT  RPM;  6019 
OUTPUT  RPM:  2560 

Figure  3.  OH-58  Tranfsnii  ssion  Temperature  Comparisons  - 

Grease  versus  Oil 
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11.  Output  Oearshaft  Cavity  and  Seal  Cover 
of  Second  Transnii  s sion 


Figure  13.  Aft  Fnd  of  Input  Cearshaft  Cavity  and 
Covor  of  Second  Transmission 
(01I-6A) 
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Figure  16.  Grease  Discoloration,  Output  Gear  Shaft  anH  Cavity 

OH-5R  Transmission 
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Figure  B-7.  OH-58  Shield  Number  S2 


Figure  B-8.  OH-58  Shield  Nuinber  S3 


